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Introduction
As the leading cause of cancer death, pulmonary adenocarcinoma is currently the most common type of lung cancer in women, Asians, and people under the age of 45, which accounts for approximately 40% of lung cancers around the globe (Denisenko et al., 2018; Ma et al., 2018; Network, 2014) . Because the early symptoms of pulmonary adenocarcinoma are easily omitted and some patients at the first diagnosis will present with distant metastases, the average five-year survival rate is only around 18 percent (Attarian et al., 2017; Dolly et al., 2017) .
In addition to exogenous exposures, inherited genetic alterations, accumulation of somatic genetic events, ethnic differences evidenced by candidate polymorphisms or genome-wide association studies may also contribute to the development and clinical outcome of pulmonary adenocarcinoma (Cai et al., 2017; Schabath et al., 2016a; Zhang et al., 2017) . Both epidemiologic research and clinical trials have confirmed that Caucasian ethnicity is not a favorable prognostic factor for overall survival when compared with Asian ethnicity (Soo et al., 2012) . Previous comprehensive genomic profiling study also shows that epidermal growth factor receptor (EGFR), tumor protein p53 (TP53), Kirsten rat sarcoma 2 viral oncogene homolog (KRAS), and Serine/Threonine Kinase 11 (STK11) are among the most differential detected somatic driver mutations between Asian and Caucasian ethnicity (Farjah et al., 2009; Liu et al., 2017) .
However, the effects of ethnicity relevant somatic driver mutations (ERSDM) profile on the final clinical outcome, such as overall survival, have been investigated by only limited studies. This study aims to explore the ERSDM profile on the survival of Caucasian pulmonary adenocarcinoma. 
Methods & materials

Data collection
Clinical information and somatic nonsynonymous mutations data from 393 Caucasian pulmonary adenocarcinoma patients were downloaded from the Cancer Genome Atlas (TCGA) data portal (http://tcgadata.nci.nih.gov) using cBioPortal (http://www. cbioportal.org/). Of them, matched somatic mutation data could be recalled for 173 Caucasian patients, which was included in the downstream analysis. The detailed baseline characteristics can be seen in the supplemental table 1.
Ethnicity relevant somatic driver mutations profile construction
Based on previous comprehensive genomic profiling analysis (Liu et al., 2017) , significantly different genes in the prevalence of somatic driver mutations between Caucasian and East Asian patients were selected and further screened with mutation prevalence >10% in TCGA database. Such multiple mutations genes were defined as ethnicity relevant somatic driver mutations profile.
Data analysis
Transcriptome sequencing data for those patients were also downloaded and the estimated expression level was quantified as transcripts per million reads (TPM). Log transformation with base 2 was applied to expression data to meet the normal distribution assumption for downstream statistical tests, and a pseudo number of 0.5 was added to each value to avoid zero value in log transformation. Kaplan-Meier analyses and Cox proportional hazards regression models were used for overall survival (OS) analysis. Hazard ratios for OS were adjusted for baseline characteristics. Unless specified, all analyses were conducted using R, and multiple tests were adjusted using Benjamini-Hochberg approach.
Results
ERSDM distribution
EGFR, TP53, KRAS, and STK11 were selected as ERSDM profile. Of 173 patients, we observed 39 (23%) without somatic mutation in any of those four genes, 82 (47%) with somatic mutations in one gene, 51 (29%) have two mutated genes, while only one patient harbored mutations in all of four genes. In general, approximately 77% of Caucasian patients with pulmonary adenocarcinoma have at least one somatic mutation on those genes, consistent with their importance in tumorigenesis (Fig. 1). 
Expression pattern
A question of interest was whether somatic mutations could correlate with changes in transcription. To address this, the expression levels of patients with or without mutations in those targeted genes were compared. Interestingly, a significant difference (after multiple test correction) was observed for all four genes, and EGFR and KRAS showed elevated expression when somatic driver mutations were presented. In contrast, tumor suppressor genes such as STK11 and TP53 showed the opposite expression trend (Fig. 2) . All of these indicated that mutations of ERSDM profile did alter the relevant transcription.
Kaplan-Meier and Cox proportional-hazards regression analysis
Next, we sought to examine the potential prognostic effect of ERSDM profile. To achieve that, Kaplan-Meier analyses were performed. No statistically significant correlation between single genes and overall survival was observed (Fig. 3) . Finally, we investigated whether the accumulation of multiple mutations might be a better prognostic biomarker. Indeed, we found patients with less than two mutated genes have a better overall survival compared with those with at least two mutated genes (p = 0.034) (Fig. 4) . The ethnicity relevant mutations burden would be detrimental to the overall survive.
Discussion
In this study the ERSDM profile (EGFR, TP53, STK11, and KRAS) is constructed as biomarkers to predict survival in Caucasian pulmonary adenocarcinoma populations. Our results demonstrate that no significant correlation is found between single gene mutation and overall survival, while the ethnicity relevant mutations burden and survival rate may show a significant correlation, which indicates that the ERSDM profile can be used in the clinical practice to predict the overall survival, although the precise mechanism still needs further investigated.
It needs to be pointed out that Asian ethnicity and adenocarcinoma histology continues to predict response to Gefitinib (EGFR inhibitors) in patients treated for advanced non-small cell carcinoma of the lung in North America (Araujo and Carbone, 2017; Ho et al., 2005; Schabath et al., 2016b) , which indicates that ethnicity does have some relation with pulmonary adenocarcinoma overall survival. What makes it more complex is that modifiable exposures, clinical and behavioral factors, and potential sources of racial and ethnic disparities are conducive to the differences in incidence and mortality in pulmonary adenocarcinoma which are Fig. 1 . Distribution of ethnicity relevant somatic driver mutations profile across patients. attributed by ethnicity differences (Esnaola et al., 2008; Relin Yang et al., 2010; Ryn, 2002) . Ethnic differences associated pulmonary adenocarcinoma incidence and mortality will be altered or reduced if such factors are stratified. It is reported that when adjusted for age, smoking, and other factors, women of different ethnic groups will show no differences in lung cancer incidence or mortality (Home, 2010; Houston et al., 2018; Patel et al., 2016) . All of these indicate that when ethnicity difference is considered, more detailed data collection, data cleaning, and data stratify are vital to give an appropriate conclusion and to reduce ambiguities.
Pulmonary adenocarcinoma shows high rates of genomic rearrangement and somatic mutation (FACS et al., 2014) . Due to dramatically improved molecular targeted therapies, Gefitinib therapy can be applied to patients whose tumors harbor somatic activated EGFR mutation. However, most pulmonary adenocarcinomas either lack an identifiable somatic driver mutation, or harbor mutations like KRAS, TP53, and STK11, which are not currently clinically actionable and can only be treated with conventional chemotherapy (Quadrelli and Solís, 2018; Yu and Davidson, 2018) . It is worth noting that the prevalence of EGFR and KRAS mutations is relatively low, while tumor suppressor gene STK11 and TP53 abnormalities are relatively high in Caucasian ethnicity when compared with Asian ethnicity (Daga et al., 2015; Liu et al., 2017; Román et al., 2018) . The oncogenes and anti-oncogenes mutations difference may result in a paradigm shift, which may contribute to the different clinical outcomes.
It is worth noting that it is really hard to draw a clear distinction between a person's ethnicity might be a pulmonary adenocarcinoma risk factor or a genotypic profile that can determine the drug response, for ERSDM profile does exist. Clinical practice can either be patient-tailored or ethnicity-based. Further investigation about ERSDM profile will give a more clear clue to solve such puzzle.
Conclusion
Multiple mutations in the ERSDM profile can be used to predict an increased risk of poor survival in Caucasian pulmonary adenocarcinoma patients.
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